For direct drive XY table servo system, position control is designed. Considering the error which is caused by the disturbance of the system, friction factor and so on. The control method combing the zero phase error tracking controller (ZPETC) with the disturbance observer (DOB) is adopted. The system tracking error is reduced by adopting ZPETC, and through influences of disturbance to the system is diminished by the disturbance observer. Thus the tracking accuracy and robustness of the system are improved. Simulation results show that this control scheme is effective. It can obviously improve the accuracy of the system.
Introduction
With the improvement of the complex surface processing quality requirements, machining accuracy of numerical control machine has become an important index. However, in the actual control process system will be influenced by disturbances, unknown parameters, time delay, the unmatched axis parameters and so on]. Simple PID controller is hard to meet the needs of the current processing accuracy. This design is in view of the direct drive XY table servo system. In order to improve the tracking performance of system, zero phase error tracking controller proposed by Tomizuka firstly is put forward in 1987.It is a feedforward controller based on the main thought of which is combine and offset Pole Zero point and phase. A large range of closed-loop dynamic system is inversely processed in a broad bandwidth to remove the phase error and static gain.
Secondly the disturbance observer is used. The basic idea of DOB is that regards output and the difference of model as a disturbance and then used in the model. An equivalent disturbance is estimated by DOB and it is seen as a compensation signal to eliminate the interference effect of the system. The aim of this article is to improve the tracking ability, ZPETC controller is used as a feed-forward controller and to guarantee the robustness of the system DOB is put in. This control scheme is used to improve tracking precision and robust performance of the system, at the same time reduce the contour error of the system indirectly. Fig.1 System error schematic diagram XY table servo system consists of two motors that perpendicular each other, so when input signal is added to the two motor respectively, the controlled system is derived by them in a plane. Its error has two parts: tracking error and contour error. System error schematic diagram is shown in Fig.1 . ref P denotes the reference position of the system. P denotes the actual position of the cutting tool.
Error Analysis of XY Table Servo System
The distance from ref P to P is the tracking error of the system that is defined as e , in which x e is the tracking error of X axis and y e is the tracking error of Y axis. The most short distance from P to arc outline is defined as contour error which is expressed byε .In order to facilitate calculation, PP usually equivalent to the contour of system error, in which x ε is the contour error of the X axis and y ε is the contour error of the Y axis.
System error is caused by many reasons that can be classified into three kinds:(1)The disturbance due to the friction and disrupting of the system;(2)time delay effect of mechanical system;(3)different reaction speed between the two axis. In this paper disturbance of the system is restrained by adopting DOB and tracking precision of the system is improved by adopting ZPETC. The tracking error is reduced, then the contour error of system is reduced indirectly.
The Design of Control System.
To reduce the error of tracking system, this control system is designed based on single axis of XY table servo system. By improving the single axis tracking precision system contour precision is improved indirectly. Block diagram of servo system based on ZPETC and DOB is shown in Fig.2 . PD controller is joined to ensure the system stable operation. Because the system is designed in discrete time，the system will be transformed to discrete form:
To ensure the stability of the system PD controller is designed as follows:
s f is sampling frequency, p K and d K are adjustable parameters, they are set according to the system parameters.
The Design of ZPETC. To ensure the tracking performance of the system ZPETC is served as a feedforward controller. Feedforward controller is designed by reducing the order number of system so that the servo system is simplified. It not only can design with the feedback loop together but also can design separately. Where the separate design method is used. The Principle diagram of ZPETC is shown in Fig. 3 . 
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(3) 1 ( ) c B z − is separated into two parts. It will become: Contains other zero point that can't be canceled with feed-forward controller. So equation (3) can be shown as:
The expression of ZPETC can be shown as:
The Design of DOB. The basic principle of DOB is that the difference of nominal model and the actual object is equivalent to the input demand. In which the actual object is subjected to external disturbance and model parameters changes, the errors caused by parameter's changing to the input of control [7] . Equivalent compensation is brought into the control to achieve complete inhibition of interference. The principle diagram of DOB is shown in Fig4. 
can be shown as:
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Substituting Eq.7 into Eq.8:
.
(9)
Eq. 9 show that the interference and the change of system parameters can be compensated. However 1 / ( ) n P s can not be realized, so ( ) 1 Q s = can not work in practice. In one hand ( ) Q s will come true in the DOB, in another hand it will ensure the stability of the system and reduce interference. So the essence of the DOB design is to choice ( ) Q s .To ensure the stability of the system and effectiveness the type must be meet equation (10). 
In the choice of ) (s Q restraining disturbance will be taken into account, and the system stable is also significant. So the choice should be quite cautious.
) (s Q can be chosen by Eq.13: 
Because the design of ZPETC is in discrete conditions, DOB should be turned into discrete form by zero order keep device at the last. 
Conclusion.
According to XY table servo positioning system. The control scheme based on ZPETC and DOB is given. Single axis tracking performance of the system is improved by ZPETC so that contour error is reduced indirectly. The system disturbance is restrained and robustness of the system is improved by using DOB. Simulation results show the effectiveness of the proposed method.
